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Abstract: The traffic safety problem is of crucial importance worldwide, and one way to enhance
it is by using high-quality road markings. While much attention has been paid to retroreflection
standards and road marking visibility, less focus has been given to the effect of asphalt mixtures.
Addressing this knowledge gap is essential for achieving comprehensive improvements in road safety.
The present study investigates the impact of three asphalt mixtures on the retroreflectivity of road
pavement surfaces. The findings indicate that white road markings exhibit varying retroreflectivity
values depending on the asphalt mixture. Among the three types tested—the “Basalt” and “Zebra”
dense, coarse-graded mixtures and the “Tama” stone mastic mixture—the “Basalt” mixture was
most effective in enhancing road marking prominence, showing higher initial retroreflectivity values.
Additionally, no effect of the asphalt mixture was observed concerning yellow road markings; data
analysis revealed a significant spread in retroreflectivity values for white and yellow road markings
across different asphalt mixtures and identified a relationship between these and the AADT (annual
average daily traffic). The mean values of retroreflectivity follow a fractional power pattern, as
indicated by the high regression coefficient of the cross-correlation line between the calculated and
measured retroreflectivity values.

Keywords: retroreflectivity; white and yellow road marks; AADT

1. Introduction

Road marks, a crucial part of the road signage system, significantly facilitate traffic
flow and enhance safety. They ensure visibility to drivers in various driving conditions [1].
These marks are not just components of road safety infrastructure but also lifelines in
lane delineation, driver guidance, and visibility enhancement, especially in challenging
conditions like low-light or adverse weather scenarios [2–4]. Their pivotal role in reducing
road accidents by enhancing visibility and offering advanced warnings of upcoming road
features is widely recognized. Moreover, they are indispensable aids for emergency vehicles
during critical situations [5].

Various types of road light marks influence driver visibility during night-time driving.
Photoluminescent road markings, for instance, can augment visual guidance by extending
visibility beyond the headlamp beams, particularly in poorly illuminated areas such as
bicycle paths, contingent upon adequate night-time illumination levels [6]. Retroreflective
pavement markers (RPMs) and alternative delineation devices possess differing luminance
levels that impact drivers’ visual performance, with used RPMs often demonstrating
comparable visibility characteristics to new ones [7]. They offer enhanced visibility during
wet nights, supplementing or replacing traditional pavement markings [8]. Additionally,
active luminous lane markings on highways at night have positively influenced driver
recognition, decreased mental and physical loads, enhanced lane-keeping ability, and
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improved overall traffic safety and efficiency [9]. Furthermore, optimizing component
materials in luminous coatings for asphalt pavements can significantly affect brightness,
wear resistance, and durability, with ideal dosages enhancing the initial luminescence and
wear resistance [10,11]. The composition of pavement marking paint plays a crucial role in
improving reflectivity [10]. Highly weather-resistant hot-melting reflection-type pavement
marking paint contains specific components like glass beads for improved reflectivity and
durability [12]. Moreover, heat-reflection paint for asphalt pavements includes materials
like titanium dioxide and hollow micro-balloons to enhance heat insulation and reduce
surface humidity, ultimately improving reflectivity and adhesion to the pavement [10,13].
Understanding these factors is essential for optimizing paint reflectivity and ensuring
efficient pavement marking management [14].

Past research has extensively investigated various aspects of road light marks, includ-
ing their design, placement, and performance under diverse conditions [15,16]. Numerous
studies have explored how different marker types, colors, and patterns impact driver
behavior, safety, and interaction with pavement surfaces and traffic control devices [2,3,17].
However, the future of road safety lies in the recent advancements in road light mark
systems. These innovations have led to intelligent markers capable of adapting to changing
conditions and providing real-time information to drivers or traffic management centers,
offering promising prospects for revolutionizing road safety [18,19].

While road light marks offer significant benefits, their installation and upkeep entail
substantial expenses, and their effectiveness may diminish over time due to factors like
wear and tear or environmental conditions [20,21].

Minimum standards for retroreflection from road markings have been established since
1993, with research indicating specific retroreflection coefficient requirements associated
with driver satisfaction and crash frequency [22–25]. Additionally, the contrast between
road markings and the pavement significantly impacts their visibility, particularly for older
drivers, with minimum contrast values identified for optimal visibility [23,26].

Retroreflection degradation over time is critical, as factors like snow removal and
road usage affect its rate [27,28]. For example, Obeng et al. [29] studied the degradation
of the retroreflectivity of thermoplastic pavement markings in different ecoclimatic zones
in Ghana. Their study focused on monitoring the retroreflectivity of pavement markings
over time to establish degradation rates and develop models for effective re-marking
interventions by the Ghana Highway Authority. It highlighted that initial retroreflectivity
plays a crucial role in marking decay, with a high variability in retroreflectivity emphasizing
the importance of quality control measures for uniform marking application.

Thanasupsin and Sukniam [30] observed that the initial retroreflectivity RL30 was
low, at 180 mcd/m2/lux, but increased to 248 mcd/m2/lux after 15 days. Interestingly,
a higher glass bead drop-on rate did not always result in a higher RL30. They found
that a 359 g/m2 glass bead rate was sufficient for meeting the minimum retroreflectivity
requirements, noting that traffic exposure, pavement marking position, and dirt coating
affected retroreflectivity. The current standards for retroreflectivity levels in road paints vary
across different countries. European nations, the United States, and many others provide
specifications for the retroreflectivity levels of road markings [31]. In Brazil, adjustments to
international standards have been made, impacting road safety and comfort, with a call to
reassess the minimum retroreflectivity levels [32]. In Korea, the minimum retroreflectivity
for freeway markings is set to 110 mcd/m2/lux for white and 90 mcd/m2/lux for yellow,
but the observed values often fall below these standards, necessitating further studies and
countermeasures for maintaining uniformity and visibility [33]. The research emphasizes
the importance of maintaining adequate retroreflectivity levels in road paints to ensure
road safety and effective traffic control.

Mazzoni et al. [34] extensively evaluated glass beads of different sizes, shapes, and
retroreflectivity over 11 months in the field. The retroreflectivity was measured with a
portable retroreflectometer at specific points after vehicle friction. Their findings revealed
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that the glass beads produced with recycled glass had poor shape properties, adversely
affecting the retroreflectivity.

Owusu et al. [35] studied the degradation of thermoplastic pavement markings’ retrore-
flectivity. Several factors affecting the degradation process were identified, including traffic,
pavement surface type, time, weather conditions, and initial retroreflectivity level. The
following models were employed to estimate the degree of degradation: simple linear,
multi-linear, exponential, and logarithmic models. The minimum retroreflectivity levels
for re-striping intervention ranged from 50 to 150 mcd/m2/lux. The study showed that
Malyuta’s linear model (R2 = 0.72) and Wang et al.’s linear model (R2 = 0.57 to 0.68) stood
out for retroreflectivity prediction. Onyango et al. [36] demonstrated that the best paint
model for white thermoplastic markings was Abboud and Bowman’s model, with an R2

value of 0.4585. In contrast, for yellow thermoplastic markings, the model by Ozelim and
Turochy had the highest R2 value, at 0.5122.

The study by [37] underscores the importance of the asphalt production procedure, re-
vealing that plant-mixed pavements exhibit higher retroreflectivity values than bituminous
surface treatment (BST) pavements.

In summary, this section underscores the crucial importance and extensive research on
retroreflection standards and contrast for road marking visibility. It covers factors affecting
retroreflection degradation over time, the role of glass beads in retroreflectivity, and models
for predicting degradation to inform restriping interventions. These findings establish
a solid foundation for further research to optimize road markings for enhanced safety
and visibility.

However, this state-of-the-art analysis reveals a significant knowledge gap: while
substantial attention has been devoted to improving the visibility of road markings through
various materials, there has been considerably less focus on the asphalt mixtures themselves.
Addressing this gap is essential for advancing the field and achieving comprehensive
improvements in road safety.

Recognizing this knowledge gap, the present research aims to significantly contribute
by examining the retroreflection coefficient (retroreflectivity) and contrast of lane mark-
ings on two-lane intercity roads in Israel. By developing models which explicitly consider
asphalt mixture types, this study seeks to provide valuable insights that could inform guide-
lines for optimal light mark selection and installation, thereby contributing to enhanced
road safety measures [24,27].

This study’s unique strength lies in its analysis of real-world data from Israeli roads,
combined with building upon past conclusions and findings from the studies discussed
earlier. Through this comprehensive approach, the research addresses the advantages,
disadvantages, and critical considerations holistically surrounding road light marks, aiming
to enhance road safety through informed decision making.

Notably, by investigating the effects of asphalt composition on the performance of road
light marks, this study aims to fill a critical gap in the existing knowledge. Understanding
how different asphalt mixtures influence retroreflection and contrast can guide the selection
and installation of optimal light mark solutions tailored to specific road surfaces. This tar-
geted approach has the potential to maximize the effectiveness of road safety infrastructure
while minimizing potential drawbacks, ultimately contributing to a safer and more efficient
transportation system.

2. Materials and Methods
2.1. Database and Asphalt Type

This research relied on a robust database, encompassing information on road type, av-
erage annual daily traffic (AADT), asphalt type, latest maintenance activities (e.g., repaving),
recent marking repaints, and retroreflection measurements of road markings and back-
ground asphalt. Retroreflection data were gathered using a RetroTek-M in July and August
2018 (the dry summer months). Other variables were sourced from the databases of the
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Netivey Israel Company, the entity responsible for managing intercity roads in Israel. These
data points were explicitly collected for two-lane undivided and unlit rural roads.

This study covered a total segment length of 65.1 km, featuring three different types
of asphalt: stone matrix asphalts (SMAs) and dense, coarse-graded (DCG) asphalts. SMA
is known for its robustness and stability, relying on stone-to-stone contact for strength and
a rich mortar binder for durability. This stone-to-stone contact is achieved by designing
an aggregate skeleton with a high percentage of durable, coarse aggregate. The mortar
consists of an asphalt binder, a mineral filler (material passing a no. 200 sieve), and a
stabilizing additive, cellulose, or mineral fibers. The primary advantage of SMA is its
extended lifespan. Additional benefits include reduced tire splash and spray and decreased
traffic noise [38]. The DCG mixture is a well-graded, dense HMA mixture consisting of
aggregates and an asphalt binder [39,40]. Three types of the studied mixtures are as follows:

■ 33 km of “Tama” type (SMA): This section is made up of coarse aggregate (type A basalt
coarse aggregate), fine aggregate (type A fine limestone/dolomite aggregate, pre-
screened to ensure that it contains no less than 60% sand-sized aggregate), melamine,
bitumen (PG70-10 or PG76-10), and stabilizing fibers.

■ 10.0 km of DCG mixtures, using exclusively basalt aggregate: This section will be referred
to as “Basalt”.

■ 22.1 km of DCG mixtures with a blend of basalt and dolomite aggregates: In this section, the
coarse aggregate (retained on a 4.75 mm sieve) consists of a mix of at least 60% basalt
aggregate by weight and, at most, 40% dolomite aggregate. Of this segment, 14.0 km
have a known maintenance history. This section will be referred to as “Zebra”.

Tables 1 and 2 show the cumulative grain distribution curves of the three mixtures
and their main properties, respectively.

Table 1. Aggregate grain distribution [40].

Mixture
Type

Percentage Passing, mm

19 12.5 9.5 4.75 2 0.075

Tama 100 90–95 25–30 20–25 15–25 8–11
Basalt 100 82–94 56–72 36–50 5–9
Zebra 100 90–95 70–75 32–37 23–27 5–8

Table 2. Asphalt properties [40].

Mixture
Type

Properties

Porosity,
%

Minimum VMA,
%

Remaining
Strength,

%

Filler/
Bitumen

Ratio

Tama 15–25 17 80 1.5–1.8
Basalt 6–7.5 14–14.5 80 1.1–1.5
Zebra 6–7.5 14–14.5 80 1.1–1.5

2.2. Statistical Analysis

The dataset was analyzed for so-called percentiles [41–44], a statistical measure com-
monly used to identify the value below a specified percentage of observations. Percentile
analysis plays a crucial role in understanding the distribution of a dataset and identifying
significant reference points. By examining the values of different percentiles, researchers
can gain insights into the centrality and dispersion of the data, detect potential outliers,
and assess the normality of the distribution. This analysis forms the foundation for deeper
insights and data-driven conclusions within the research context.

For instance, the 75th percentile represents the value below which 75% of the data
points lie, while the remaining 25% of data exceed that value. Generally, percentiles above
the 75th percentile are considered above-average values (abnormal), those between the
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25th and 75th percentiles represent typical or average values (standard), and those below
the 25th percentile are considered below-average values (abnormal). The 25th percentile
corresponds to the first quartile (Q1), the 50th percentile is the median or second quartile
(Q2), and the 75th percentile is the third quartile (Q3). The difference between the third and
first quartiles, known as the interquartile range (IQR), provides a measure of the spread or
dispersion of the data.

A widely accepted rule of thumb for identifying outliers in a dataset is the criterion of
1.5 times the interquartile range (IQR). According to this rule, a data point is considered an
outlier if it falls by more than 1.5 times the IQR above the third quartile (Q3) or below the
first quartile (Q1). In other words, any value lower than Q1 − 1.5 × IQR is classified as a
low outlier, while any value higher than Q3 + 1.5 × IQR is regarded as a high outlier. The
meaning of the rule is that it provides a robust method for detecting extreme values that
deviate significantly from the bulk of the data distribution. The IQR, the difference between
the third and first quartiles, captures the spread of the central portion of the data. By
extending this range by 1.5 times on both sides, the rule establishes boundaries within which
most of the data points are expected to fall, given a reasonably symmetric distribution.

3. Results
3.1. The “Zebra” Type of Asphalt Mixture

Figure 1 displays the fluctuations in the retroreflectivity values of the white lines over
the initial three months following painting. The data indicate a decline in the retroreflec-
tivity values over time (from about 200 to 100 mcd/m2/lux), aligning with the findings
reported by [22–35]. Note that the mean value for all three datasets is similar to the median
value, which implies the data’s normal distribution.

The alteration in the retroreflectivity values of the yellow lines contrasts with the
observations made earlier for the white lines (approximately 50–100 mcd/m2/lux). It is
evident that the median values for the three datasets are similar (around 60 mcd/m2/lux)
and do not decrease significantly over time.
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Figure 1. The relationships between the values of retroreflectivity degraded since line painting and
the measurement date for the Zebra-type asphalt, painted in white (a) and yellow (b). The labels w_z1,
w_z2, and w_z3 (on the X-axis) denote the white color, the Zebra mixture, and 1, 2, and 3 months
post painting, respectively. Similarly, y_z1, y_z2, and y_z3 denote the yellow color, the Zebra mixture,
and 1, 2, and 3 months post painting. Each box’s top and bottom edges represent the 25th (Q1) and
75th (Q3) percentiles, respectively, with the line inside indicating the median value (Q2). A small
square denotes the mean value for each set. The upper range’s line signifies Q1 minus 1.5 times the
interquartile range (IQR), while the lower line indicates Q3 plus 1.5 times the IQR, where the IQR is
calculated as Q3 minus Q1.

3.2. The “Basalt” Type of Asphalt Mixture

Figure 2 displays the fluctuations in the retroreflectivity values of the white lines over
the first three months following the painting of the basalt asphalt mixture. The data indicate
a decline in the retroreflectivity values over time (from 350 to 100 mcd/m2/lux). Note that
the mean and median values for the third month here are higher than those for the first
month of the Zebra mixture. The range of the data for the yellow lines here is also higher
(80–120 mcd/m2/lux) than for the Zebra mixture.
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3.3. The “Tama” Type of Asphalt Mixture

Figure 3 displays the fluctuations in the retroreflectivity values of the white lines from
the 3rd to 12th month after the painting of the Tama asphalt mixture. The data indicate a
decrease in the retroreflectivity values over time (from about 500 to about 150 mcd/m2/lux).
Note that the mean and median values for the 4th–12th months are quite unvaried. The
mean and median values for the yellow lines here are about 100 mcd/m2/lux.
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Figure 3. The relationships between the values of retroreflectivity degraded since line painting and
the measurement date for TAMA-type asphalt, painted in white (a) and yellow (b). The labels w_t3,
w_t4, w_t8, and w_t12 (in X-axis) denote the white color, the Tama mixture, and 3, 4, 8, and 12 months
post painting, respectively. Similarly, labels y_t3, y_t4, y_t8, and y_t12 denote the yellow color, the
Tama mixture, and 1, 2, and 3 months post painting. Each box’s top and bottom edges represent the
25th (Q1) and 75th (Q3) percentiles, respectively, with the line inside indicating the median value
(Q2). A small square denotes the mean value for each set. The upper range’s line signifies Q1 minus
1.5 times the interquartile range (IQR), while the lower line indicates Q3 plus 1.5 times the IQR, where
the IQR is calculated as Q3 minus Q1.

3.4. Retroreflectivity Comparison of Three Types of Asphalt Pavement

Figure 4 illustrates the shifts in the retroreflectivity values of both white and yellow
lines across all the asphalt mixtures. Notably, the retroreflectivity values for the third month
post painting over the Zebra paint (green) closely resemble those observed for the basalt
(magenta) and Tama (yellow) pavements by the fourth month (around 125 mcd/m2/lux,
dashed line). By the eighth month, these values decreased by approximately 25%, to values
around 100 mcd/m2/lux, remaining stable until at least the twelfth month post painting.
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the disparity in the retroreflectivity values becomes negligible and remains consistent un-
til the 12th month. Incorporating more data points would improve the accuracy of the 
trends, which will be addressed in future studies. Nonetheless, the observed retroreflec-
tivity characteristics align with the well-known decreasing trend [27–33]. 

Figure 4. The relationships between the values of retroreflectivity degraded since line painting
and the measurement date for “three types of asphalt”, painted in white (a) and yellow (b). The
dashed-line ellipse in (a) shows the example of retroreflectivity degradation for the Zebra mixture
during the first three months after painting. The full-line ellipse shows the compared values of
retroreflectivity for the Zebra, Basalt, and Tama mixtures (see more detail in Section 3.4). The dashed
lines in (b) represent the range for the mean and median values that remain consistent throughout
the measurement period (50–150 mcd/m2/lux) across all types of asphalt mixtures. The labels in
both figures are explained in the figure captions for Figures 1–3.

Concerning the yellow lines, it is essential to highlight that the mean and median values
remain consistent throughout the measurement period (ranging from 50 to 150 mcd/m2/lux)
across all the types of asphalt mixtures.

3.5. Relationship between the Post-Painting Time and the Retroreflectivity Values for Three Types
of Asphalt Pavement

The dispersion of retroreflectivity is notably significant across several measurements.
To mitigate its impact, this analysis will examine the relationships between the post-painting
time and the retroreflectivity values, specifically emphasizing the mean values. Figure 5
illustrates that the general trends in the average mean value following the initial month
post painting can reach approximately 430, 264, and 188 mcd/m2/lux for the basalt, Tama,
and Zebra asphalt mixtures, respectively. When extrapolating the data over eight months,
the disparity in the retroreflectivity values becomes negligible and remains consistent until
the 12th month. Incorporating more data points would improve the accuracy of the trends,
which will be addressed in future studies. Nonetheless, the observed retroreflectivity
characteristics align with the well-known decreasing trend [27–33].
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Figure 5. The relationships between the post-painting time (months) and the retroreflectivity values
(mcd/m2/lux).

3.6. Effect of Annual Average Daily Traffic (AADT)
3.6.1. Analysis of Annual Average Daily Traffic vs. Post-Painting Time

The annual average daily traffic (AADT) is a parameter regularly used to describe
the intensity of traffic on a highway [45,46]. This parameter indicates the total volume of
vehicle travel on a road for an entire year, divided by 365 per day. Similarly, multiplying
the AADT parameter by 30 days yields the number of vehicles traveling on the road for a
month. Since retroreflectivity degradation is a cumulative phenomenon, let us define NΣ
as follows [45,46]:

NΣ = ∑i=k
i=1 Ni (1)

where NΣ is the sum of vehicles traveling on the road for several months (from 1 to k),
while Ni is the number of vehicles traveling on the road for a month [46,47]. Note that

Ni = 30 × AADTi (2)

Substituting Equation (2) into Equation (1) yields

NΣ = 30∑i=k
i=1 AADTi (3)

and, after simplification,

NΣ =
30∑i=k

i=1 AADTi

30k
(4)

where k is the number of months taken into account. Hence, NΣ , the elaborated cumulative
AADT for several months, is taken into account.

NΣ =
∑i=k

i=1 AADTi

k
(5)

Figure 6 shows the relationships between the post-painting time (months) and the
average cumulative AADT for this period. The regression coefficient between these two
parameters is exceptionally high.
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Figure 6. The relationships between the post-painting time (months) and the elaborated cumula-
tive AADT.

3.6.2. Analysis of Mean Values of Retroreflectivity vs. Post-Painting Time

The analysis of Figure 5 shows the dependences of retroreflectivity degradation with
the value of post-painting time. To emphasize this dependence, we defined the elaborated
value of retroreflectivity as follows:

Ri =
Ri
i

(6)

where Ri is the elaborated value of retroreflectivity, and Ri is the value of retroreflectivity
measured i-month after painting.

Figure 7 shows the relationships between the post-painting time (months) and the elab-
orated value of retroreflectivity. The regression coefficient between these two parameters is
high. Note that the results are for the retroreflectivity degradation of white marks.
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Figure 7. The relationships between the post-painting time (months) and the elaborated retroreflec-
tivity value for the white lines.
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3.6.3. Relationship between Mean Values of Retroreflectivity and Values of Average
Cumulative AADT

Based on the high values of the regression coefficients, substituting the regression
expression in Figure 7 into the regression in Figure 6 yields the following:

Ri =
210

NΣ
3√2

(7)

Figure 8 presents the model testing results by showing the regression between the mea-
sured mean retroreflectivity values (X-axis) and those calculated using Equation (7). Note the
regression coefficient of about one that validates the correctness of the suggested expression:
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4. Discussion

This study investigates the impact of three asphalt mixtures on the retroreflectivity
values of road pavement surfaces, focusing on road markings’ colors.

The analysis of the raw data collected in the field demonstrates a significant dispersion
of the retroreflectivity values for all the measured mixtures. This phenomenon is consistent
with the previous results [2,3,22–35], explaining the low regression coefficients for all the
models suggested in previous studies, such as [35]. To mitigate the dispersion’s impact, the
relationships between the post-painting time and the retroreflectivity values were analyzed
using the mean retroreflectivity values.

The findings indicate that white road markings exhibit varying retroreflectivity values
depending on the asphalt mixture. Among the three types of asphalt tested—basalt DCG,
Zebra DCG, and Tama SMA—the basalt DCG proved to be the most effective in enhanc-
ing the prominence of road markings. Specifically, the initial retroreflectivity values for
markings on the basalt DCG were significantly higher than those on the Zebra DCG and
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Tama SMA. The basalt mixture contained 100% black basalt aggregate, compared to the
60% in the Zebra mixture and the 0% in the Tama mixture (Section 2.1). The black color of
the aggregate likely provides better contrast with the asphalt surface, resulting in higher
retroreflectivity values in the first several months after painting. The question of why the
60% black aggregate in the Zebra mixture does not cause the same effect is still unclear and
will be the subject of further study.

An interesting trend was observed regarding the degradation of retroreflectivity over
time. This study revealed that the higher initial retroreflectivity values correlated with a
steeper decline in retroreflectivity during the first three-to-four months post painting. For
instance, the basalt mixture, which initially had the highest retroreflectivity, experienced a
reduction rate of 0.676, while the Zebra mixture, with the lowest initial retroreflectivity, had
a reduction rate of 0.325. After four months, the differences in the retroreflectivity values
between the asphalt mixtures became minimal.

Our results demonstrate that white road markings generally reflect more light than
yellow markings, consistent with previous studies [22–35,47]. Although yellow markings
start with lower initial retroreflectivity values, their rate of decline in retroreflectivity over
time is negligible across all three asphalt mixtures studied. This finding suggests that
yellow markings maintain their retroreflective performance better than white markings in
the long term.

This study mainly paid attention to the question of the effect of asphalt mixtures on
the retroreflectivity values. Further investigation is required regarding the effect of the
grade of bitumen used, the type of mixtures, the asphalt age, and so on.

Overall, this study underscores the importance of selecting appropriate asphalt mix-
tures to enhance the effectiveness of road markings. The results provide valuable insights
for infrastructure planning and maintenance, emphasizing the need for the ongoing evalu-
ation of road marking performance to ensure optimal visibility and safety.

5. Conclusions

• This study investigates how the content of three asphalt mixtures affects the retrore-
flectivity of the road marks painted on the road surface.

• The results show that the retroreflectivity values of white road markings vary depend-
ing on the asphalt mixtures under study.

• Of the three mixtures tested—the “Basalt” and “Zebra” dense, coarse-graded mixtures,
and the “Tama” stone mastic mixture—the “Basalt” mixture was the most effective in
enhancing road marking visibility, with higher initial retroreflectivity values.

• A relationship between the annual average daily traffic (AADT) and retroreflectivity
mean values was identified, following a fractional power pattern, as demonstrated by
the high regression coefficient of the cross-correlation line between the calculated and
measured retroreflectivity values.

• Data analysis uncovered a significant variation in the retroreflectivity values for the
white and yellow road markings across the different asphalt mixtures.

• The asphalt mixture did not appear to affect the yellow road markings.
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